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Abstract




The thesis entitled “Towards the synthesis of Mycolactone and Palm Weevil Pheromones” is divided into three chapters.
CHAPTER I: This chapter describes the general introduction to macrolactones, buruli ulcer and previous approaches to Mycolactones.
CHAPTER II: This chapter includes the stereoselective synthesis of Mycolactones. 

It is a well-established fact that most of the pathogenic bacteria produce toxins and they are the root cause for specific diseases. However, to the best of information available no toxin has been identified so far pertaining to Mycobacterium tuberculosis or Mycobacterium leprae. Buruli ulcer, symptomatically similar to tuberculosis, is caused by Mycobacterium ulcerans. Although buruli ulcer is little known outside the tropical, recently it has been recognized as an emerging infection in western Africa. Despite several attempts, no toxin responsible for the cytopathic effect of this organism has been identified till 1999. Small et. al., chemically identified the toxin responsible for this ulcer and structurally found it to be a polyketide. Polyketides, unlike protein toxins, are small lipid like molecules and have potent biological activity. In order to reflect its mycobacterial source and chemical structure, the isolated toxins from Mycobacterium ulcerans have been named as Mycolactones A and B (1 & 2). These lactones are the first toxins that are isolated and identified from a Mycobacterial species and the first complex polyketides produced by a human pathogen.








The outstanding chemical identification of these Mycobacterial toxins as poly ketides by Small et. al., have shown bright hope to develop an antidote and prevent the obnoxious buruli ulcer. The chemical synthesis of Mycolactone A and B has attracted many established schools of chemistry in organic synthesis. The structure of Mycolactone A and B core showed a considerable synthetic challenge requiring the construction of seven stereocenters and trisubstituted alkenes along with a hydrocarbon backbone. 




















Scheme 1
Furthermore they possess a 12-membered lactone ring in which a trisubstituted trans alkene is also present. In this direction, the following retrosynthetic pathway (Scheme 1) has been proposed and attempted. This pathway is imperative not only for understanding the molecular basis of mechanism of action but also for designing counter measures such as detection and determination of exact therapeutic methods. The depicted pathway clearly reveals the requirement of three key fragments A, B and C (6, 7, 5) and their respective stitching and coupling technical methodology to achieve the target molecule.
Synthesis of Fragment A (C15-C20):
The stereocenters at C16, C17 and C19 (fragment A) are prepared starting with natural S-malic acid 12. Accordingly, 12 was converted to its dimethyl ester derivative 15 by using methanol, borontriflouride diethyl ether (BF3.OEt2), which was treated with borane dimethylsulfide (BH3.Me2S) and a very small quantity of sodium borohydride (NaBH4) in THF to afford 1, 2, 4-butane triol 16 in 90% yield. Selective protection of the 2 and 4 hydroxy functions of the triol 16 with benzaldehyde dimethyl acetal, pTSA in presense of molecular sieves at reflux temperature gave the acetal 17. The primary alcohol was transformed to tosylate 18 and was further reduced to the methyl group by employing lithium aluminum hydride (LiAlH4) in THF at reflux. In the next important reaction sequence, the denzylidene acetal of 19 was opened regioselectively in the presence of excess diisobutylaluminum hydride (DIBAL-H) to afford the secondary benzyl protected 1, 3-butan diol 20 in quantitative yield as shown in scheme 2.

 




                                           
Scheme 2
Alcohol 20 was converted to the corresponding aldehyde 21 employing IBX in quantitative yield. TiCl4 mediated diastereoselective ‘non-Evans’ aldol reaction between chiral oxazolidinethione 22 and the aldehyde 21, gave the non-Evans syn aldol adduct 23 as the only isolable diastereomer in 89% yield (scheme 3). Non-destructive removal of the chiral oxazolidinethione using sodium borohydride (NaBH4), MeOH resulted in the diol 14. Acetonide formation between the C1-C3 diol of 14 provided acetonide 24 in nearly quantitative yield. Analysis of the PMR spectrum of this acetonide revealed a small vicinal coupling constant between H2 and H3, which confirmed the syn relationship between C2-C3 stereogenic centers. Selective TBDMS protection of primary hydroxyl group of compound 14, followed by the removal of benzyl group with 10% Pd/C in ethyl acetat gave C3-C5 diol 26 in 95% yield.The diol 26 on treatment with 2,2-dimethoxypropane and catalytic CSA in dry acetone afforded acetonide 27 in 90% yield. The 13C chemical shifts of the acetonide carbons of 27 are 98.6, 30.4, 19.9 ppm, indicative of a syn-diol-derived acetonide (in agreement with reports by Rychnovsky and Evans). The primary TBDMS ether was selectively deprotected with tetra n-butyl ammonium fluoride (TBAF) in dry THF to afford the corresponding alcohol 28 in 95% yield. Alcohol 28 was converted to chiral aldehyde 6 by oxidation with the Dess-Martin reagent, completing the synthesis of the fragment A (C15-C20). 







 









Scheme-3

Synthesis of Fragment B (C9-C14):
Our synthesis of fragment B began with the benzyl protection of 3-butyn-1-ol (13), using NaH (2 eq) and benzyl bromide (1.05 eq) in dry THF at 0 oC to furnish benzyl ether 29. The compound 29 was coupled with paraformaldehyde using ethyl magnesium bromide (EtMgBr) (prepared from EtBr and Mg) as the base in dry THF to yield the propargyl alcohol derivative 30 in 82% yield. The propargylic alcohol 30 was converted to trans allylic alcohol 31 by treating with 1.5 equivalent of LiAlH4 in dry THF for 4 h. Allyl alcohol on Sharpless asymmetric epoxidation using 0.156 equivalent of D (-) DET, 0.156 equivalent of Ti (OiPr)4 and 2.0 equivalent of TBHP (3.3 M in toluene) in dry DCM at -20 oC furnished epoxy alcohol 32. 








Scheme 4
The epoxy alcohol 32 was converted to the corresponding epoxy iodide, 33 using 2 equivalents of iodine, 2 equivalents of triphenylphosphine and 2.5 equivalents of imidazole in a mixture of dry ether and acetonitrile in 3:1 ratio at 0 oC. Compound 33 was converted to secondary allylic alcohol, 10 by refluxing with 3.0 equivalents of activated zinc and 2.5 equivalents of sodium iodide in dry methanol (Schem 4).
Allyl alcohol, 10 on treatment with N-bromosuccinimide (NBS), ethylvinylether in dry DCM at 0 oC afforded bromoacetal, 34. The compound 34 was subjected to free radical cyclization using freshly distilled n-tributyltin hydride (1.1 eq.), catalytic amount of azobisisobutyronitrile as a radical initiator in refluxing toluene to afford cyclic ethyl acetal 35 selectively trans:syn in 96:4 ratio. Ethyl acetal was deprotected with 80% aqueous acetic acid solution under reflux conditions to yield the lactol 36. Homologation of lactol 36 by methyltriphenylphosphoniumiodide using 2.5 equivalents of t-BuOK as a base in dry THF yielded olefin 37. The free hydroxyl group in compound 37 was masked as tert-butyldimethylsilyl ether 38 using TBDMSCl, imidazole and catalytic amount of DMAP in dry DCM. The olefin 38 on subjecting to Wacker oxidation condition using 0.2 moles of PdCl2 and 1 mole eq. of cuprous chloride in a mixture of THF and water (6:1) under oxygen atmosphere afforded methylketone, 39 (Scheme 5). 








Scheme 5
Ketone 39 was reduced using NaBH4 in MeOH at 0 oC to give recemic secondary alcohol 40. Compound 40 when subjected to Mitsunobu reaction conditions (DEAD, TPP, THF) in presence of 2-mercaptobenzothiazole resulted in the thioether 41.Thioether 41 was oxidized with m-CPBA in DCM to achieve the sulfone 7 in 85%yield (Scheme 6).

 




Scheme 6
Synthesis of Fragment C (C1-C8):
Synthesis of fragment C was initiated using the commercially available butane 1,4-diol 14. Butane diol 14 was mono protected as benzyl ether 42, using one equivalent each of benzyl bromide and NaH in THF in 71% yield. The hydroxyl group of the compound 42 was iodinated with TPP, I2 and imidazole to give the required iodocompoud 43. Coupling of the propargyl alcohol with iodo compound 43 in LiNH2/Liq NH3, followed by LiAlH4 reduction resulted in allyl alcohol, 45 with a trans double bond (shecme 7). Allyl alcohol 45 under Sharpless asymmetric epoxidation conditions employing 0.156 equivalents of D (-) diethyltartarate, 0.156 equivalent of Ti(OiPr)4 and 2.0 equivalent of TBHP (3.3 M toluene) in dry DCM at –20 oC gave the epoxy alcohol 46 in 82% yield. (Scheme 7) 








Scheme 7
Epoxy alcohol 46 was converted to the corresponding iodide 47 by treating with I2, TPP and imidazole at 0 oC. The epoxy iodide compound 47 on treatment with Zn, NaI in methanol at reflux temperature resulted in the desired chiral allyl alcohol 11. Reaction of allyl alcohol 11 with N-bromosuccinimide and ethyl vinyl ether in dichloromethane at 0 oC afforded bromoacetal 48 in 92% yield. The purified bromo acetal was further used for free radical cyclization using freshly distilled n-tributyltin hydride (1.1 eq.) and catalytic amount of azobisisobutyronitrile as a radical initiator in refluxing toluene to afford cyclic ethyl acetal 49 (96:4 trans:syn ratio). (Scheme 8)







Scheme 8

The hydrolysis of ethyl acetal 49 using 80% aqueous acetic acid solution under reflux conditions afforded the free lactol 50. The Lactol on one carbon Wittig olefination using methyltriphenylphosphoniumiodide and tBuOK as a base furnished the homologated derivative 51 in 80% yield. The anti alcohol was converted to the required syn alcohol 8 by using Mitsunobu inversion conditions. The hydroxyl group in 8 was protected as its MOM ether 52 in 95% yield by using MOMCl, Hunig’s base in dry DCM. (Scheme 9) 








Scheme 9
When 52 was subjected to Wacker oxidation using PdCl2, cuprous chloride, DMF-water under oxygen atmosphere, ketone 53 was obtained in 82% yield (scheme 10). It was treated with Tebbe reagent to give the exo-olefinic compound 54 in 88% yield. Compound 54 on deprotection of the benzyl group using Li/Liq NH3 gave the primary alcohol 55 








Scheme 10
. The primary alcohol 55 was oxidized first to aldehyde 56 by using Dess-martin periodinane in quantitative yield and then to the carboxylic acid 5 using buffered NaClO2. 




Scheme 11
Construction of C9-C20 framework:
The modified Julia coupling between the secondary sulfone 7 and the aldehyde 6 gave the desired C9-C20 fragment 57 as an E:Z isomers in a ratio of 9:1 in 50 % yield. The two isomers were inseparable at this stage and therefore the isomeric mixture was taken as such for further reactions. Li/Liq NH3 was used for further deprotection of the primary benzyl group to get the free alcohol 58 in 85% yield. 











Scheme 12

Compound 58 was oxidized to aldehyde by using Dess-Martin periodinane to gave the aldehyde 59 in 90% yield. One carbon Wittig olefination of the aldehyde gave the terminal double bond compound 60 in quantitative yield by using Ph3PMeI,​​ tBuOK in THF at -78 oC. The TBS ether protection was removed by using TBAF in THF to yield the free secondary alcohol containing compound 4 in 60% yield. At this stage the E and Z isomers (8:2) ratio could be separated (Scheme 12). 
Construction of C1-C20 (Total core part):

In order to attain the desired carbon skeleton and the lactone first we followed Yamaguchi type esterification of compound 4 and acid 5 to produce ester 61, which is set for ring closing metathesis reaction. RCM with Grubb’s 1st generation catalyst furnished the desired compound in 10% yield, and the unexpected six member molecule 62 in 80% yield.













Scheme 13
The difficulty encountered in RCM strategy on 61 to get the cyclised product 3 forced us to abandon the synthetic route for the synthesis of mycolactone. Further synthetic manipulations are in progress in our group for the completion of mycolactone. 










CHAPTER III: This chapter deals with the general introduction on pheromones, earlier synthetic approaches on pheromone systems of Palm weevils, and the stereo selective synthesis of Palm weevil pheromones 4-methyl-5-nonanol, 3-methyl-4-octanol and trans Whiskylactone.
   	Insect pheromones play a major role in pest control strategies. In fact, they are considered as potential tools in Integrated Pest Management (IPM), an ecofriendly and environmentally safe agro technique practised world over.  Palm weevils are the most obnoxious pests of coconuts and oil palm crops.  Most of them produce single isomers of methyl branched sec-alcohol as aggregation pheromone. As an ongoing programme on the synthesis of pheromones of Indian crop pests, the synthesis of pheromonal components of Rhynchophorus vulneratus the (4S, 5S) 4-methyl-5-nonanol 63 was taken up. The same compound is also a key pheromone component of taxonomically related Metamatious hemipterus L, a Rhynchophornae male weevil. However, the Rhyncophorus phoenicis (F), the African palm weevil produces 3-methyl-4-octanol 64. 














Scheme 14

Structurally simple -butyrolactones are widespread naturally occurring substances found not only as sex pheromones but also as key flavor components. The biological activity of these substances strictly depends on the absolute configuration of the chiral C-4 carbon atom, which is attached to the lactone ring. These three components can be synthesized by following convergent new synthetic route based on the retrosynthetic analysis shown in scheme 14.
Synthesis of these molecules was started from readily available propargyl alcohol. Propargyl alcohol 70 was alkylated with n-butyl bromide using LiNH2 as base in liquid ammonia to get alcohol 71. The alcohol was reduced to trans allyl alcohol 72 in 85% yield by using 1.5 equivalent of LiAlH4 in dry THF for 4 h at room temperature. Allyl alcohol 72 under Sharpless asymmetric epoxidation conditions, employing 0.156 equivalents of D (-) diisopropyltartarate, 0.156 equivalent of Ti(OiPr)4 and 2.0 equivalent of TBHP (3.3 M toluene) in dry DCM at –20 oC gave the epoxy alcohol 73 in 85%yield.















Scheme 15

 	Epoxy alcohol 73 was converted to the corresponding iodide 74 by treating with I2, TPP and imidazole at 0 oC. The compound 74 on treatment with Zn, NaI in methanol at reflux temperature resulted in the desired chiral allyl alcohol 69. Treatment of allyl alcohol 69 with N-bromosuccinimide and ethyl vinyl ether in dichloromethane at 0 oC afforded bromoacetal 75 in 81% yield. As anticipated, a standard 5-exo trig cyclization on 75 with preferential anti-geometry of the resulting new stereogenic center using n-Bu3SnH in refluxing toluene with catalytic AIBN as radical initiator the reduction was complete in 30 min as judged by TLC. Isolation afforded 68 in 90% yield. The cyclic acetal 68 on Jones oxidation in acetone gave the trans Whisky lactone 67 in 80 % yield.  
The hydrolysis of ethyl acetal 68 using 80% aqueous acetic acid solution under reflux conditions afforded the free lactol 76. Lactol on one carbon Wittig olefination furnished the homologated derivative 65 with methyltriphenylphosphoniumiodide using tBuOK as a base yielded homologated olefin 65 in 76% yield. The double bond in 65 was saturated by using Pd (OH)2 under hydrogen atmosphere to afford 77. Mitsunobu inversion of free alcohol by using DEAD, TPP, p-nitro benzoic acid and followed by the hydrolysis of benzoyl ester with standard procedure afforded the desired pheromone compound 63.







	
Scheme 16
The pheromone compound 64 was synthesized by using the intermediate cyclic acetal 68. The cyclic acetal on treatment with 1, 3 propane dithiol and BF3.OEt2 at 0 oC provided the thio protected acetal 66, thioacetal protected compound on treatment with activated Raney Ni in refluxing methanol resulted 78 in 77% yield. The Mitsunobu inversion of free hydroxyl group using DEAD, TPP and 4-nitro benzoic acid followed by hydrolysis of the benzoyl ester with K2CO3/MeOH, yielded the target molecule 3-methyl-4-octanol (3S, 4S) 64.







Scheme 17
The two Pheromone compounds 63 and 64 showed excellent electro physical behavior activity on Electro actinography (EAD) conducted at our laboratory. Further field trial experiments are currently under progress.
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